Neutral red staining was
Introduction
The histological detection of cerebral infarction may require up to 4-6 hours after experimental focal cerebral ischemia is induced, depending on the fixa tion technique."')
Critical physiological parameters such as temperature, blood gases, or blood glucose may vary within this period and have a significant effect on infarction size .4,5,13,16) An experimental model of focal cerebral ischemia allowing control of these physiological parameters and use of an acute outcome assessment method should reduce inter animal variation.
A rapid acting, simple cellular marker for quantifying ischemic injury would be most useful as an acute outcome assessment method.
Neutral red is a nontoxic vital dye") that can pass across the blood brain barrier and has been used as an intracellular pH indicator.8,10) Neutral red staining diminishes in intensity according to cerebral blood flow (CBF) reduction in an infarcted area.') The neutral red staining pattern was closely correlated with the area of decreased CBF measured by 14C-io doantipyrine autoradiography 2 hours after middle cerebral artery (MCA) occlusion, suggesting that neutral red can detect reduction in CBF and predict tissue at risk of infarction in the early stages after focal cerebral ischemia.'') Our study investigated neutral red staining after MCA occlusion using three different rat models of focal cerebral ischemia for comparison with the region of infarction, to evaluate neutral red staining as a method for assessing the acute outcome of focal cerebral ischemia. 12.6 + 0.85x, r = 0.88, p < 0.05; caudate: y = 0.84 + 1.04x, r = 0.94, p < 0.01) (Fig.  2) . Moreover, 4 hours after onset of proximal MCA oc clusion, the neutral red defect volumes in the cortex and caudate were not significantly different from the infarction volumes (Table 2) .
Distal MCA/CCA occlusion caused a neutral red defect volume in the cortex which remained similar after 1, 2, and 4 hours. The infarction volume show ed a tendency to increase after 2 and 4 hours, but this was not significant. The neutral red defect volume was closely correlated with the infarction volume 4 hours after distal MCA/CCA occlusion (y = -31 .9 + 1.20x, r = 0.81, p < 0.05) (Fig. 3) , but the neutral red defect volume was significantly greater than the infarction volume after 4 hours (p < 0.05) ( Table 2) .
Intravascular MCA occlusion did not cause infarc tion at any time after ischemia, which correlated well with neutral red staining, in which minor defects were detected in only two of 17 animals. 
Discussion
The various rat models of MCA occlusion are known to cause infarction reliably,') but the different MCA occlusion models result in different infarction pat terns judging from the acute outcome. We therefore used three different MCA nccl»cinn mndelc to evaluate neutral red staining as an acute outcome assessment method. Proximal MCA occlusion causes infarction in the caudate and the cortex. '8 Tyson ei al.19) reported that a decrease in CBF to < 25 ml/ 10C g/min measured by 14C-iodoantipyrine autoradiog raphy correlated well with the infarction area 4 hours after proximal MCA occlusion. Therefore, this model can be used to investigate infarction in two different areas (the caudate and the cortex) in the acute stage. Distal MCA/CCA occlusion causes in farction only in the cortex, but this technique is very simple and reproducible.') Intravascular MCA occlu sion causes infarction of the basal ganglia and the cortex without damage to the brain,' 1 but the loca tion of the tip of the suture cannot be monitored, sc this method requires highly developed technique.
Our study shows that neutral red staining can predict histological damage as early as 2 hours after focal cerebral ischemia.
Neutral red staining al earlier than 2 hours overestimated the infarction volume, possibly due to the dependence of neutral red staining on blood flow as well as cell viability. Nonquantitative neutral red injection may permit recognition of defect areas where CBF is greater than 25 ml/ 100 g/min and where neuronal death will nol occur.19) We found that the neutral red defect volume was consistently greater than the infarction volume at 4 hours after distal MCA/CCA occlusion. A possi ble explanation is the use of standard fixation methodology, which may have underestimated in farction compared to perfusion fixation techniques.
Neutral red staining is affected by the model of focal ischemia. Models where the evolution of infarction is more prolonged, such as MCA occlusion with an intravascularly introduced nylon suture, may not permit accurate identification of infarcted tissue by neutral red injection.
Other outcome assessment methods can detect ear ly cellular changes after focal cerebral ischemia.6,20 Magnetic resonance imaging and magnetic resonance spectroscopy can detect infarction areas and metabolic changes in the ischemic area in the acute stage, and can also demonstrate dynamic changes in an individual.') The 3H-forskoline binding method can detect ischemic areas in the focal cerebral ischemia model as early as 30 minutes after the onset of ischemia,20) possibly by detecting changes in the second messenger system in the acute ischemic area. However, these acute outcome assessment methods are expensive and require dedicated, skilled techni cians.
Neutral red injection is inexpensive, immediately visible, and has no risk of radioactive contamina tion. A simple venous neutral red injection, which detects early ischemic changes within 2-4 hours, can be used to study the neuroprotective actions of agents in ischemia, reperfusion injuries, or the evolu tion of related pathology. This technique is reliable and more time and cost efficient provided an ap propriate focal cerebral ischemia model is used.
